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Sir: 



I, Timothy Ocain, of 45 Indian Head Road, Framingham, Massachusetts 01701, hereby declare and state: 

1. I am currently employed by Millennium Pharmaceuticals, Inc. as the Senior Director of 
Inflammation. My curriculum vitae is attached as Exhibit A. 

2. The above-identified patent application was filed on behalf of Millennium Pharmaceuticals, Inc., 40 
Landsdowne Street, Cambridge, Massachusetts 02139, the Assignee of record. This patent 
application claims priority to U.S. Provisional Application Serial No. 60/272,677, filed March 1,. 
2001. 



CERTIFICATION UNDER 37 C.F.R. SECTIONS 1.8(a) and 1.10* 

I hereby certify that, on the date shown below, this correspondence is being: 

MAILING 

0 deposited with the United States Postal Service in an envelope addressed to the Mail Stop Amendment, Commissioner 

for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

37 C.F.R. SECTION 1.8(a) 37 C.F.R. SECTION 1.10* 

0 with sufficient postage as first class mail. □ as "Express Mail Post Office to Addressee" 

Mailing Label No. 

TRANSMISSION 

□ transmitted by facsimile to the Patent and Trademark Office. 



signature 1 d 



Signature 

Beverly Sotiropoulos/Sean Hunziker 
Date: March 27, 2006 (type or print name of person certifying) 

*WARNING:Each paper or fee filed by "Express Mail" must have the number of the "Express Mail" mailing label placed 
thereon prior to mailing. 37 C.F.R. section 1.10(b). "Since the filing of correspondence under section 1.10 without the Express 
Mail mailing label thereon is an oversight that can be avoided by the exercise of reasonable care, requests for waiver of this 
requirement will not be granted on petition. " Notice of Oct. 24, 1996, 60 Fed. Reg. 56,439, at 56,442. 
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3. I am the supervisor of the Inflammation Discovery program at Millennium and was involved in 
reviewing 93870 for inclusion in our discovery program. I am familiar with the application, the 
invention claimed therein and have reviewed the rejection of these claims under 35 U.S.C. §101, set 
forth in the Office Action mailed from the U.S. Patent and Trademark Office on September 27, 
2005. 

4. The Examiner states that claims 28-29 and 32-43 are not supported by either a specific and 
substantial asserted utility or a well established utility. Specifically, the Examiner states that 
Applicant has asserted utilities for the specifically claimed invention of claims 28-29 and 32-43, as 
drawn to a method of identifying compounds that bind to 93870 polypeptide having the amino acid 
sequence disclosed in SEQ ID NO: 2, which is encoded by the nucleic acids disclosed in SEQ ID 
NO:l and SEQ ID NO:3 and that 93870 polypeptide is disclosed to have structural characteristics of 
a G protein-coupled receptor. The Examiner further states that the specification does not disclose 
further listed details to support this identification. One of the details considered lacking is specific 
treatable diseases associated with the GPCR of SEQ ID NO:2. I note that inparagraph [0055], the 
specification discloses that: 

"93870 molecules and modulators thereof can act as novel therapeutic agents for controlling one 
or more of GPCR associated disorders, e.g., immune and inflammatory disorders" 

The specification, in paragraph [0056] further lists examples of specific immune and inflammatory 
disorders. Herewith, I am providing evidence which supports these statements, that the 93870 
GPCR plays a role in immune and inflammatory disorders, as disclosed in the specification. 

5. Enclosed as Exhibit B is expression data which shows that 93870 expression is consistent with its 
involvement in immune and inflammatory diseases, including rheumatoid arthritis and 
inflammatory bowel diseases, and also potentially chronic obstructive pulmonary disease. 
Exhibit B consists of slides which were presented by a Millennium scientist, Ethan Grant at a 
meeting held in July 2002. These slides provide results of expression studies in support of a 
decision to include 93870 as a target in an Inflammation Discovery Program at Millennium. 
They culminate several studies, including in vivo studies, which were performed during an 
extended period previous to that date. I reviewed these data at the time and I was involved in the 
decision to include 93870 in the Inflammation Discovery program, in part, due to these data. I 
hereby verify the validity of this data and the summary statements provided by Dr. Grant. 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 

5 - ^ 5 - O fe> 

Timothy Ocain \ Date 
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Exhibit A 


Curriculum Vitae of Timothy Ocain 


Exhibit B 


Expression Data 


Exhibit C 


Wilson, Shelagh, et al., "Orphan G-protein-coupled receptors: the next 
generation of drug targets?" British Journal of Pharmacology, Vol. 125 
(1998) pp 1387-1392 
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Timothy D. Ocain, Ph.D. 



"^S^W^mead Road 
Framingham, MA 01701 



508-879-8611 - Home 
ocain@mpi.com 



Professional Experience 



Millennium Pharmaceuticals, Inc. 



Cambridge, MA 



1998-present 



Senior Director, Inflammation Discovery 



2002-present 



Major line responsibility (35-65 people, >10 MM budget) for managing pharmacology/cellular 
immunology/biochemistry efforts and interfacing with chemistry, DMPK, and drug safety with primary goal of 
delivering development candidates for Inflammation franchise. 

• Primary accomplishments: Principal role in the delivery of multiple development candidates 
(MLN3316, MLN3897, MLN3701 , MLN0415, MLN6095) as well as many additional advanced 
candidate-seeking compounds in the areas of rheumatoid arthritis, asthma, COPD, multiple 
sclerosis, and other inflammatory conditions. 

• Ongoing (5+ yrs) chair of Joint Research Subcommittee for Millennium-Aventis (sanofi-aventis) 
collaboration. 

• Core member of multiple internal tactical and strategic committees, including: Inflammation 
Strategic Business Team, Pipeline Review Committee, Cardiovascular/Inflammation Advisory 
Group, Discovery Scientific Review Committee. Includes interfacing with finance and business 
development groups. 

Director ('00-'02), Senior Director ('02), Inflammation Program Management 2000-2002 

Matrix manager of Inflammation efforts involving over 15 departments, including genomics, disease biology 
and pharmacology, chemistry, high throughput screening, etc. 

• Integral role in design and implementation of unique broad-based 50:50 co-discovery co- 
development alliance with Aventis, focusing on small molecule modulators for inflammatory 
conditions. Chair of Joint Research Subcommittee overseeing all aspects of the alliance (>400 
fte's across both companies at peak). Also a member of Joint Development subcommittee. 

• Interfaced with finance and line heads for budgets, business plans, value creation, and productivity 
models within Inflammation. Principal role in M&A and in-licensing assessments. 

Associate Director, Drug Discovery 1998-2000 

Major drug discovery responsibilities for emerging small-molecule pipeline; line management (including 
major personnel and infrastructure build-up) for medicinal chemistry department. 

• Designed MLN4760, first small molecule clinical compound at MLNM targeting a gene discovered 
via internal genomics efforts. 

• Member of research steering committees and primary drug discovery representative for three 
major alliances focused on leveraging Millennium genomic discoveries and early drug discovery 
expertise to contribute to large pharma pipelines and the initiation of new chemistry programs: 
antifungal alliance with Pfizer, antibacterial alliance with Wyeth, and CNS alliance with Wyeth. 

Procept, Inc. Cambridge, MA 1993-1998 



Vice President, Chemistry and Structural Biology 
Director, Chemistry and Structural Biology 
Group Leader, Medicinal Chemistry 



1997-1998 
1996-1997 
1993-1996 
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As Director and VP, responsible for directing all medicinal chemistry, analytical chemistry, and structural 
biology (high-field NMR/X-ray, computational) activities directed at discovering new molecules to block 
immunological and infectious disease targets. Extensive involvement in biology, DMPK, and safety for all 
drug discovery programs. 

• Led group that discovered and delivered PRO2000, the lead HIV clinical candidate, provided 
discovery support for parental and topical first-in-human studies in Europe (currently in Phil trials). 

Wyeth-Ayerst Research Princeton, N J 1986-1993 

Principal Scientist, Immunology/Inflammation Medicinal Chemistry 1992-1993 
Research Scientist, Immunology/Inflammation Medicinal Chemistry 1 988-1 992 

Key involvement in new initiatives at W-A, e.g.: integration of structural biology and computational chemistry 
with drug discovery; collaboration with biotechnology; discovery-based interactions with DMPK group, 

• Project Leader of Rapamycin Immunomodulation Project. Led efforts of large discovery team, 
delivered advanced lead compounds with appropriate in vivo, DMPK, and metabolic profile suitable 
for non-clinical development. Extensive interaction with outside collaborators. 

• Responsible for discovery support of oral IND phase for novel marketed immunosuppressant drug, 
Rapamune®. 

Senior Chemist, Cardiovascular /CNS Medicinal Chemistry 1986-1988 

Project leader of Renin Project and Renin Processing Enzyme Project, delivered advanced lead compound 
for primate efficacy and toxicology studies. 

Education/Post-doctoral Studies 

1 986, Post-Doctoral Fellow. University of Minnesota, Chemistry, under the direction of Professor Thomas R. 
Hoye: Total Synthesis of anti-tumor natural product Uvaricin. 

1985, Ph.D., Pharmaceutical Chemistry, University of Wisconsin-Madison, under the direction of Professor 
Daniel H. Rich: Design, synthesis and enzymatic evaluation of metalloprotease inhibitors. 

1981, University of Wisconsin-Eau Claire, B.S. Biological Sciences: 2 years undergraduate medicinal 
chemistry research on serine protease inhibitors. 



Publications 

Wen, D., Nong, Y., Morgan, J.G., Gangurde, P., Bielecki, A., Cheng, H., Fraser, C, Schopf, L, Hepperle, 
M., Harriman, G., Jaffee, B., Ocain, T.D., and Xu, Y., "A Selective small molecule IKKb Dlnhibitor Blocks NF- 
kB Mediated Inflammatory Responses in Human Fibroblast Like Synoviocytes, Chondrocytes and Mast 
Cells," Accepted for publication, JPET, 2006. 

Nagashima, K., G. Sasseville, V.G., Wen, D., Bielecki, A., Yang, H., Simpson, C, Grant, E., Hepperle, H., 
Harriman, G., Jaffee, B., Ocain, T., Xu, Y., Fraser, C.C., "Rapid TNFR1 Dependent Lymphocyte Depletion 
In Vivo with a Selective Chemical Inhibitor of IKKb," Accepted for publication, Blood, Jan 2006. 
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Cao, W., Tayber, 0., Qiu, Y., Ghosh, S., Ocain, T.D., Hodge, M.R., and Suzuki, Y., "Pharmacological 
Characterization of Guinea Pig Chemoattractant Receptor-Homologous Molecule Expressed on Th2 Cells 
(CRTH2)," Prostaglandins Other Lipid Medial, 2005, 76, 133-47. 

Lu, C, Wang, A., Dorsch, M., Tian, J., Nagashima, K., Coyle, A.J., Jaffee, B., Ocain, T.D., and Xu, Y., 
"Participation of Rip2 in LPS Signaling is Independent of its Kinase Activity," Journal of Biological Chemistry, 
2005, 280,16278-16283. 

Lu, C, Wang, A., Wang, L, Dorsch, M., Ocain, T.D., and Xu, Y., "Nucleotide Binding to CARD12 and its 
Role in CARD12-Mediated Caspase-1 Activation," Biochem. Biophys. Res. Comm., 2005, 331, 1114-1119. 

Wu, L, Pan, J., Thoroddsen, V., Wysong, D.R., Blackman, R.K., Bulawa, C.E., Gould, A.E., Ocain, T.D., 
Dick, L.R., Errada, P., Dorr, P.K., Parkinson, T., Wood, T., Kornitzer, D., Weissman, Z., Willis, I.A., and 
McGovern, K., "Identification of Novel Small Molecule Inhibitors of RNA Polymerase III," Eukaryotic Cell, 
2003, 2, 256-264. 

Newcomb, J.R., Rivnay, B., Bastos, CM., Ocain, T.D., Gordon, K., Gregory, P., Turci, S.M, Sterne, K.A., 
Jesson, M., Krieger, J., Jenson, J.C., and Jones, B., "In vitro Immunosuppressive Activity of Ruthenium 
Complexes," Inflammation Research, 2003, 52, 263-271. 

Dales, N.A., Gould, A.E., Brown, J.A., Calderwood, E.F., Guan, B., Minor, C.A., Gavin, J.M., Hales, P., 
Kaushik, V., Stewart, M., Tummino, P.J., Vickers, C.S., Ocain, T.D., and Patane, M.A., "Substrate-Based 
Design of the First Class of Angiotensin-Converting Enzyme- Related Carboxypeptidase (ACE2) Inhibitors," 
J. Am Chem. Soc, 2002, 124, 1 1 852-1 1 853. 

Liu, S., Neidhardt, E.A., Grossman, T.H., Ocain, T., and Clardy, J., "Structures of Human Dihydroorotate 
Dehydrogenase in Complex with Antiproliferative Agents," Structure, 2000, 8, 25-33. 

Bastos, C. M., Gordon, K. A., and Ocain T. D., "Synthesis and Immunosuppressive Activity of Ruthenium 
Complexes," Bioorg. Med. Chem Lett., 1998, 8, 147-50. 

Clayton, L. K., Ghendler, Y., Mizoguchi, E., Patch, R. J., Ocain, T. D., Orth, K., Bhan, A. K, Dixit, V. M. and 
Reinherz, E. L, "T Cell Receptor Ligation by Peptide/MHC Induces Activation of a Caspases in Immature 
Thymocytes: The Molecular Basis of Negative Selection," EMBOJ., 1997, 16, 2282-2293. 

Ocain, T. D„ Bastos, C. M., Gordon, K., Jenson, J. C, Jones, B., Newcomb, J., Sampo, T. M., McAuliffe, D., 
and Granstein, R., "A Novel Series of Low Molecular Weight Immunosuppressive Molecules," Transplant. 
Proc, 1996,25,3032-3034. 

Li, Y.-T, Hsieh, Y.-L, Henion, J. D., Ocain, T. D., Schiehser, G. A., and Ganem, B., "Analysis of the 
Energetics of Gas-Phase Immunophilin-Ligand Complexes by Ion Spray Mass Spectrometry," J. Am Chem. 
Soc, 1994 116, 7487-7493. 

Susnow, R., Senko, N., and Ocain, T. D. "Conformational Sensitivity Analysis of FKBP-FK506/Rapamycin 
Complexes," J. Comp. Chem., 1994, 15, 1974-1090. 

Sehgal, S. N., Molnar-Kimber, K., Ocain, T. D., Weichman, B. M., "Rapamycin: A Novel 
Immunosuppressive Macrolide," Med. Res. Reviews, 1994, 14, 1-22. 
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Andres, C. J., Macdonald, T. L, Ocain, T. D., and Longhi, D., "Conformational^ Defined Analogs of Prolyl 
Amides. Trans-Prolyl Peptidomimetics," J. Org. Chem., 1993, 58, 6609-6613. 

Ocain, T. D., Longhi, D., Steffan, R. J., Caccese, R. G., and Sehgal, S. N., "A Nonimmunosuppressive 
Triene-Modified Rapamycin Analog Is a Potent Inhibitor of Peptidyl Prolyl Cis-Trans Isomerase," Biochem. 
Biophys. Res. Comm., 1993, 192, 1340-1346. 

Caufield, C. E. and Ocain, T. D., "Protease and Esterase Inhibitors: Current Research and Future in 
Immunotherapy," Current Opinion in Therapeutic Patents, 1992, 2055-2062. (Review) 

Ocain, T. D., Deininger, D. D., Russo, R., Senko, N. A., Katz, A., Kitzen, J. M., Mitchell, R., Oshiro, G., 
Russo, A., Stupienski, R., and McCaully, R., J., "New Modified Heterocyclic Phenylalanine Derivatives. 
Incorporation Into Potent Inhibitors of Human Renin," J. Med. Chem., 1992, 35, 823-832. 

Ocain, T. D,, and Rich, D. H., "Alpha-keto Amide Inhibitors of Aminopeptidases," J. Med. Chem., 1992, 35, 
451-456. 

Hoye, T. R., Hanson, P. R., Kovelesky, A., Ocain, T. D., and Zhuang, Z., "Synthesis of (+)-(15, 16, 19, 20, 
23, 240-/?exep/-Uvaricin: A Bis(tetrahydrofuranyl) Annonaceous Acetogenin Analog," J. Am Chem. Soc, 
1991, 173,9369-9371. 

Ocain, T. D.; Abou-Gharbia, M. "Renin— Angiotensin System (RAS) Dependent Antihypertensive Agents: I. 
Renin Inhibitors," Drugs of the Future 1 991 , 16, 37-51 . (Review) 

Ocain, T. p.; Rich, D. H. "Synthesis of Sulfur-Containing Analogues of Bestatin. Inhibition of 
Aminopeptidases by alpha-Thiol Bestatin Analogues," J. Med. Chem. 1988, 31, 2193. 

Ocain, T. D.; Rich, D. H. "L-Lysinethiol: A Subnanomolar Inhibitor of Aminopeptidase B," Biochem. Biophys. 
Res. Comm. 1987, 145, 1938-1042. 

Groutas, W. C; Abrams, W. R.; Theodorakis, M. C; Kaspar, A. M.; Rude, S. A.; Badger, R. C; Ocain, T. D.; 
Davis, K. S.; Zandler, M. E.; Amino Acid Derived Latent Isocyanates: Irreversible Inactivation of Porcine 
Pancreatic Elastase and Human Leukocyte Elastase," J. Med. Chem. 1985, 28, 204. 

Groutas, W. C; Badger, R, C; Ocain, T. D.; Felker, D.; Frankson, J.; Theodoraskis, M. "Mechanism- Based 
Inhibitors of Elastase," Biochem. Biophys. Res. Comm. 1980, 95, 1890. 
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REVIEW ARTICLE 

Orphan G-protein-coupled receptors: the next generation of drug 
targets? 

NOTICE This material may be protected by 

"Shelagh Wilson, *Derk J. Bergsma, Mon K. Chambers, •Alison I. Muir, 'Kennettfll©] iBf JSfefffoiif f U.S. Code) 
'Catherine Ellis, l Paul R. Murdock, 'Nicole C Herrity & ^Jeffrey M. Sta'deJ 

'SmithKltne Beecham Pharrnaceuticals, New Frontiers Science Park, Third Avenue, Harlow, Essex, CM 19 5AW and 'SmithKline 
Beecharo Pharmaceuticals, 709 Swedeland Road, King of Prussia, PA, U.S.A. 

The pharmaceutical industry has readily embraced genomics to provide it with new targets for drug 
discovery. Large scale DNA sequencing has allowed the identification of a plethora of DNA sequences 
distantly related to known G protein-coupled receptors (GPCRs). a superfamily of receptors ihat have a 
proven history of being excellent therapeutic targets. In most cases the extent of sequence homology is 
insufficient to assign these 'orphan* receptors to a particular receptor subfamily. Consequently, reverse 
molecular pharmacological and functional genomic strategies are being employed to identify the 
activating ligands of the cloned receptors. Briefly, the reverse molecular pharmacological methodology 
includes cloning and expression of orphan GPCRs in mammalian cells and screening these cells for a 
functional response to cognate or surrogate agonists present in biological extract preparations, peptide 
libraries, and complex compound collections. The functional genomics approach involves the use of 
'humanized yeast cells, where the yeast GK R transduction system is engineered to permit functional 
expression and coupling of human GPCRs to the endogenous signalling machinery. Both systems 
provide an excellent platform for identifying novel receptor ligands. Once activating ligands are identified 
they can be used as pharmacological tools lo explore receptor function and relationship to disease. 
Keywords: Orphan; novel receptor; 7TM receptor; (igand fishing; novel peptide 



Introduction 

Rapid advances in DNA sequencing technologies have led to 
■n exponential increase in the generation of genomic 
information. Such information holds enormous potential for 
drug discovery, allowing the identification of a diverse range of 
novel molecular targets. The challenge for the pharmaceutical 
industry in dealing with this wealth of new information is to 
identify the most promising candidates for further biological 
evaluation and to characterize their potential as drug targets as 
rapidly and efficiently as possible. This review will focus on one 
family of novel molecular targets, the family of orphan G- 
protein coupled receptors (GPCRs) and describe the strategies 
one can adopt to convert them into therapeutically relevant 
drug targets. 

The supcrfamily of GPCRs is one of the largest families of 
genes yet identified. Over 800 members have been cloned to 
date from a wide range of species. The characteristic motif of 
this superfamily is the seven distinct hydrophobic regions, each 
20-30 amino acids in length, generally regarded as the 
transmembrane domains of these integral membrane proteins. 
There is little conservation of amino add sequence across the 
entire superfamily of receptors, but key sequence motifs can be 
found within phylogeneticaily related sub-families, and these 
motifs can be used to help classify new members. 

Since the first cloni ng of GPCR cDNAs more than a decade 
ago, new genes have continued to emerge whose sequences 
place them firmly within the GPCR supcrfainOy, but whose 
ligands remain to be identified. These 'orphan' receptors show 
low levels of homology with known GPCRs (typically less than 
40Ve), too low to classify them with any confidence into a 
specific receptor subfamily. Many orphan receptors in fact 
show closer homology to each other than to known GPCRs. 
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suggesting that they may represent new sub-families of 
receptors with distinct, possibly novel, ligands. These sub- 
families art distributed throughout the GPCR superfamily 
tree, suggesting that they will have a diverse range of functions. 

What is the rationale for investing resources in characteriz- 
ing orphan GPCRs? Simply stated. GPCRs have a proven 
history of being excellent drug targets. Several hundred drugs 
launched in the last three decades art directed at known 
GPCRs Table 1 shows a representative snapshot of some well- 
established drugs and their corresponding receptors. It is clear 
that the therapeutic focus of these drugs spans a wide range of 
disorders from cardiovascular to gastro-iniesunal to CNS and 
others. 

Another example of the significance of GPCRs to drug 
discovery involves the increasing number of diseases associated 
with receptor gene mutations (Table 2). Some of the early 
examples identified involved mutations in receptors which 
caused gross changes in receptor function, leading to fairly rare 
but severe inherited disorders (e.g., mutations in vasopressin 
V, receptors associated with X-linked nephrogenic diabetes 
insipidus); (Birnbaumcr, 1995). More recently, mutations have 
been identified that cause little or no apparent change in 
receptor function which lead merely to an increased propensity 
foxjkvcloping a multifactorial disease (e.g. pdlym orphisres in 
the ^-adrenoceptor associated with increased risk of insulin 
resistance); (Strosbcrg, 1997). As genolyping of disease 
populations becomes more comprehensive it is likely that 
more GPCR mutations or polymorphisms will be associated 
with disease states and hence' provide additional potential 
targets for drug intervention. Since knowledge ofgene function 
is not a pre-requisite for carrying out genotyping studies, it is 
just as likely that such mutations will be found in orphan 
receptors, which may provide clues to orphan receptor 
function in physiological and pathophysiological situations. 
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Table 1 Drugs targeting GPCRs 



GPCR 

Acetylcholine 
Adrenoceptor 



Generic 

Bcthancchot 

Dicyclomine 
Ipratropium 

Atenolol 

Ctonkiine 

propranolol 

Terazosin 

Albuterol 

Carvedilol 



Angiotensin II Losartan 
Eprosartao 



GPC* 
Uukotricnc 

Opioid 



Dopamine 



Histamine 



Mctoctapruroinc 

Ropinirolc 

Halopcridol 

Dimeahydrinatc 
Tcrfenadmc 
Oroetidine 
Ranitidine 



Prostaglandin 

Somatostatin 
Serotonin 



Gmtrir 

Pranlukast 
Zafirlukast 

Bupreflorphine 
Butorphanol 
Alfcntonil 
Morphine 

Epoprostcuol 
Misoprostol 



patho-phystological role of the receptor. High throughput 
drug screening is initiated in parallel lo develop tool 
compounds to help determine the therapeutic value of hath 
agonists and antagonists to the receptor. 



Octreotide 

Sumatriptan 
Rita risen n 
Cisapride 
Trazodone 
Clozapine 



TaWe 2 Discuses associated with GPCR mutations 



Rrcrptar 



Thyroid stimulating 

hormone 
Lutenizlog hormone 
Vasopressin V* 
Calcium 

Parathyroid hormone 
/^Adrenoceptor 
Growth hormone 

releasing hormone 
Adrcaocorticoiropin 
Glucagon 



Disrttse 

Retinitis pigmentosa 
Hyperfunctioning thyroid 



Precocious puberty 

X-hnked nephrogenic diabetes 

Hypcrparaihyrotdism, 

hypocalciuria. hypercalcctniu 
Short limbed dwarfism 
Obesity. NIDDM 
Dwarfism 

GlucoconJcoid deficiency 
Diabetes, hypertension 



Much current research effort within the pharmaceutical 
industry today continues to focus on GPCRs, as Ihcy are 
justifiably perceived as attractive therapeutic targets. At 
SrnjtnKlinc Bcccham we have identified over 100 human 
orphan GPCRs that are distributed throughout the GPCR 
evolutionary tree. Some of these receptors are selectively 
expressed in a range of therapeutically relevant tissues, and it 
thus seems reasonable 10 speculate that they constitute a 
source of therapeutic targets with similar potential for drug 
discovery as seen with known GPCRs. 

Reverse pharmacology approach 

J^. ov *!?!f Hrategy for characterizin g or phan rece ptors has 
often been referred to as a 'reverse pharmacology* approach 
(Libert H aL 1991) 10 distinguish it from more conventional 
drug discovery approaches. The conventional approach was 
historically initiated by the discovery of a biological activity 
for which the ligand responsible was identified and then used 
lo characterize tissue pharmacology and physiological role. 
Subsequently, the ligand was used to clone its corresponding 
receptor for use as a drug target in high-throughput screening. 
The reverse approach starts with an orphan receptor of 
unknown function which is used as a hook' to fish out its 
ligand. The ligand is then used lo explore the biological and 



Screening strategy 

* 

Figure 1 illustrates the reverse pharmacology strategy adopted 
within SmithKltne Beecham. The majorily of our orphan 
receptors have been identified through extensive bioinformatic 
analysis of expressed sequence tag (EST) databases generated 
by mass random sequencing of cDNA libraries. The EST 
approach has previously proven to be a highly productive 
route for identifying novel genes (Adams et aL, 1992). 

Since cDNAs identified by EST sequencing arc often 
incomplete, the tissue expression pattern of the EST is 
analysed via Northern blot or RT-PCR to identify the tissue 
cDNA libraries which should be used to obtain a full length 
clone. Moic significantly, the expression pattern can determine 
whether a receptor is expressed in a normal or diseased tissue 
of interest is a therapeutic target. A highly selective tissue 
expression profile can also provide a clue to receptor function. 
For example, the expression pattern of the orphan receptor 
FC5 in rat brain as determined by in Mtu hybridization was 
recognized as resembling that of the Y, NPY receptor 
visualized by ligand autoradiography and hence led to the 
identification or PCS as the Y t receptor. (Eva e / 1990). In 
parallel with obtaining a full length cDNA for ihe receptor, 
corresponding genomic clones can be obtained and their 
sequences from different individuals analysed to look for 
genetic markers that can be used lo 1 investigate possible 
associations with disease states. 

Once a full length cDNA is available it can be expressed in 
mammalian cell lines for functional analysis. The choice of 
expression system is crucial to the success of ligand fishing: a 
system with a good history of GPCR expression which also 
contains a wide repertoire of G-protcins to allow functional 
coupling to down-stream effectors is of key importance. CHO 
(Chinese Hamster Ovary) or HEK (Human Embryonic 
Kidney) 2"3 cetl lines are often the cells of choice, but as the 
success of receptor expression and coupling cannot be 
predicted, a variety of systems may have to be used. 
Alternative expression systems which can be used to explore 
different coupling mechanisms include xenopus oocytes, 
mclanophorcs (Lerner, 1994) and engineered yeast systems 
(Broach AThorner. 1996). 

In the absence of a ligand to confirm receptor expression it 
is important to obtain some evidence that receptor Iransfec- 
tions have been successful before embarking on the search for 
a ligand. Northern blotting of cell lines is probably the easiest 
lest, but will only confirm that message for the receptor is 
present. To be confident that receptor protein is actually 
expressed one has to generate antibodies to the receptor or else 
attach an epitope tag lo Ihe receptor and assess protein 
- CApjn^s^ 

of epitope tags have been successfully used to label GPCRs 
without affecting receptor function. Examples include FLAG 
and HA tags, for which antibodies are commercially available. 
(Guan el eL 1992; Koller et aL, 1997). 

The choice of functional assays used lo screen for 
activating ligands is also critical to the success of ligand 
fishing. These should be as generic as possible lo allow 
detection of a wide range of coupling mechanisms. 
Measurement of metabolic activation of ceils expressing the 
orphan via the Cytoscnsor microphysioraeter (McConnell *•/ 
ul. 9 1992) is probably the most Generic assay available, bul is 
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Flgve 1 Reverse pharmacology approach to characterizing orphan GPCRs (modified from Sudd n aL 1997). 



hampered by its low screening throughput. Alternative assay 
systems in mammalian cells focus largely on measuring 
changes in intracellular cycltc -AMF or Ca 1 * tevdsv either 
directly using standard methods or fia the use of reporter 
gene assays. It is becoming increasingly important to use 
high throughput systems to allow screening of large libraries 
or Kgands, and assay technologies have evolved for each of 
these second messenger systems to allow high throughput 
readout in microtitre plate formal. More recently, it has 
become possible to funnel heterologous GPCR signal 
transduction through a common pathway involving phos- 
pholipase C and Ca" mobilization by co-expression of ihe 
receptor with the promiscuous G-protcins G,,^,,, or wilh 



chimeric G,-proteios such as G43 (Conklin ft a/.. 1996; 
O/fennans A Simon. 1995). Although this approach may not 
wort universalty, the diversity of known GPCRs re^rtecTtcr 
successfully couple Ha these G-protcins suggests that it is a 
useful method to streamline screening for orphan receptor 
activation by focusing predominantly on one signal 
transduction system. 

One factor which can complicate the use of heterologous 
expression systems for ligand fishing involves the presence of 
endogenous receptors in mammalian cell lines and in 
particular, dona] variation in the pattern of endogenous 
receptor expression in cells derived from the same parental cell 
line. Such variation has probably been responsible for the mis- 
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identification of a number of orphan receptors in the part. (eg. 
Cook ct uL 1992: Jazin et aL 1993). 

The ability to genetically delete endogenous CPCRk from 
yeast to generate a 'null' background is one of ihc major 
advantages in using yeast model systems for orphan receptor, 
screening (Broach & Thorner, 1996). These systems rely on 
commandeering the endogenous yeast CPCR transduction 
system, the phcromone mating pathway, to allow coupling 
or iransrccied human GPCRs and humanized G-protcins in 
the endogenous signalling machinery, the manipulations 
involve conversion of the normal yeast response to 
phcromone activation (growth arrcsl) lo positive growth on 
selective media, or to reporter gene expression. Such systems 
provide rapid, high throughput means of screeninn orphan 
receptors. 

Once expression of the receptor has been achieved in 
mammalian or yeast systems and functional assays arc in 
place, the search for activating ligands can begin. Jhc 
receptors are screened initially against a hank of putative 
ligands. which includes known GPCR Uganda as welt as oihcr 
naturally occurring bioactivc molecules of unknown mechan- 
ism. The next step is to search for novel ligands by screening 
biological extracts obtained from tissues, biological fluids and 
cell supernatant*. Another option is to screen peptide or 
compound libraries for ^surrogate* agonists that can be used as 
tool compounds. Yeast model systems here again provide 
unique advantages, in that they con be engineered 10 express 
and secrete small peptides from a random peptide library that 
will permit autocrine activation of heterologously expressed 
receptors, thus allowing a facile readout for delecting 
surrogate agonists of the receptor. Once an activating ligand 
has been found, whether natural or surrogate, it can then be 
used to explore the biology of the receptor in rw* or in tissue 
preparations, and can also be used to configure a high 
throughput screen to search for antagonists to support 
biological studies. 

Characterization of orphan receptors 

Examples are now emerging of the success of the reverse 
pharmacology approach in identifying orphan GPCRs A first 
example is the identification of a calcitonin receptor-like 
orphan as a CGRP receptor. CGRP (calcitonin gene-related 
peptide) is a potent vasodilator widely distributed in central 
and peripheral neurones. It has also been implicated in 
migraine and non-insulin dependent diabetes. An LST derived 
from a human synovium library was used to clone a full length 
cDNA from human lung. Sequence motif analysis placed the 
receptor firmly within the secrclin/VIP subfamily of receptors, 
with its dosesl homologue being the calcitonin receptor. 
However the message for this novel receptor wa* expressed 
predominantly in lung, known to be a source of CGRP 
rcccplors. Following expression in HEK293 cells, the receptor 
was screened against putative ligands using a cyclic AMP 
stimulation assay (the prima ry signal tra nsduction pathway lor 
the secretin/VIP receptor family) and was shown tti respond to 
CGRP with high potency (EC* 0.9 nM) (Aiyer vt uL % 1996). 

The pharmacological profile of the reeepior determined in 
the cyclic AMP assay and in radioligand binding assays was 
subsequently shown to be similar to that observed with 
endogenous CGRP receptors in human neuroblastoma cells, 
indicating that the orphan receptor cDNA encoded a CGRP 
receptor. In contrast, other workers whb cloned this reeepior 
failed to defect a CGRP response following expression of the 
cDNA in COS cells {Fluhmann et al. 1995). The explanation 
for this discrepancy was initially thought to be due to lack of 



appropriate coupling machinery for the receptor in COS cells, 
as we also failed to detect a functional response with the 
receptor in this cell line. However, it has been shown more 
recently I hat accessory proteins appear lo be necessary to allow 
this receptor to show CGRP responsiveness, so an alternative 
explanation may lie in differential expression of such accessory 
proteins in HEK295 vs COS cells (McLatchic h aL 1998). 
Whatever the explanation, these findings illustrate that the 
choice or expression system is an important factor in 
identifying ligands for orphan receptors. 

A second example of successful orphan receptor character- 
ization was the identification of the receptor for the 
anaphylatoxin Oa (Ames el aL 1996). The anaphyla toxins 
Oii, C4a and C5a are potent inflammatory mediators released 
during complement activation and they have been implicated 
in a number or inflammatory diseases. An EST derived from a 
human neutrophil cDNA library was used to clone an orphan 
GPCR from the same library. The receptor showed low 
homology lo known GPCRs. with the best match being to the 
C5u receptor (37% nucleotide identity). However. Northern 
blot analysis indicated that its expression profile was distinct 
from that of the C5a receptor. Functional characterization of 
the CSa receptor was known to be problematic in cell lines 
such as HEK293 and CHO, but the receptor was known to be 
functionally active when expressed in RBL-2H3 cells (a rat 
basophilic cell line). 

The orphan receptor was therefore expressed in RBL-2H3 
cells and screened against putative ligands in a Ca 1 * 
mobilization assay. It produced a robust Ca : * mobilization 
response lo Oa but not to CSa or oiljer ligands. In parallel 
transactions in the same cell line the CSa receptor was shown 
to elicit a robust Ca 2 * response to CSa bat not lo Oa. 
Radioligand binding studies using [ ,3S I]-C3a confirmed that the 
orphan receptor bound Oa with a Kd of 0J nM. These 
findings, together with the tissue distribution data, are 
consistent with this orphan encoding the human Oa receptor 
(Ames if aL 1996). 

CGRP and Oa constitute examples where known ligands 
have been paired with an orphan receptor. A third example 
involves the pairing of a novel ligand with an orphan receptor 
the identification of a novel neuropeptide as an endogenous 
ligand for the receptor GPRIQ. The human orphan receptor 
GPRIO was first reported by Marchese rf at. (1995). who 
cloned the receptor from genomic DNA using a PCR-bascd 
approach. Like the majority of orphan receptors, GPRIO 




Flew* 3 Phylogtnelic tree for GPRIO and closely related receptors. 
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Flgvc 3 Ca i,r -mobUi2aiioo responses lo -RFamide peptides 
HEK 293 cells stably expressing GPRIO. EC* values: PrRPJI: l %\ f 
Atitka-fLF*: 24 (iu: FMRFa: 45 /im; #>oARFa: 40 jim. 



shows a low level of sequence homology with known GPC J* 5 ' 
although its closest match is to members of the NPY family °* 
receptors (Figure 2). When expressed in HEK293 cells a** 1 * 1 
screened against a bank of putative ligands, we found that t |lC 
receptor failed lo respond to NPY, but did produce rob^ $ 
Ca l * mobilization responses lo a number of short pcptJ** cS 
found in invertebrates which are all members of *' lC 
structurally related -RFamide peptide family (Figure 3). Trm ** 5C 
peptides include FMRFamide, found in a variety of mollus*^*" 1 
species. pQGRFamide (antho-RFamidc) from Anthoplr**** 
and pQLLGG RFamide (pol-RFamidc) from Polyor<r JilS 
(Grcenberg A Price. 1 992). 

The potency of these peptides at GPRIO was low (E^C'* 
values in /iM range- see Figure 3); moreover, the two kno* 



mammalian members of the -RFamide family. NPAF sM- 
NPFF, were inactive al GPRIO. We hypothesized that 



fid 
he 



natural human ligand for GPRIO would be a novel member" °. 
the -RFamide family, perhaps a longer peptide which retain^* 
the characteristic -RFamide C-terminal motif. We therefore i$ct 
out to purify the peptide from biological extracts of tissues' 2 " 

High resolution reverse-phase HPLC fractions of a pofcm^" nC 
hypothalamus extract were screened against GPRIO stal^? 
expressed- in HEK293 cells and specific, robust Caa^ 
mobilization responses were found in adjacent fraction 03 
(Figure 4). The activities appeared to be peptidfc. as protea^ 1 ** 
treatment of the fractions destroyed activity. In a parallel fc^ 
unrelated effort, Hinuma et al. (1998) used very simia# * 
methods to also identify specific, peptidergic activity 
hypothalamic extracts screened against GPRIO expressed 
CHO ceils, using arachidonic acid release as the function*** 
assay. The activity was purified to homogeneity by furtrat^ 1 ^ 
rounds of HPLC Bad ion exchange chromatography, an* |\ 
sequencing revealed a 31 amino acid peptide that, as predicte^T^ 
contained a C-lerminal -RFamide motif: SRAHQH;-^/ 
. MElRTTDJNPAWYAGRGlRPYGJLFatm 
(1998) also found a second, overlapping peptide of 20 emirr* 
1 acids that appeared lo be a truncated version of the long^^rf 
peptide: TPDINPAWYAGRGIRPVG-RFamide. Cloning o> 
I the cDNA for the peptide revealed the existence of a preprc**^ 
^peptide containing an N-tcrminsl secretory signal, tnV* C\ 
^ftrmed the sequence of the peptide (Hinuma et at.. I998# 
* authors found that the longer peptide stimulated prolacti *£L 
M^i froi V P^ ilai y «»* <* Wrrn. and termed the peptide?^ 
PrRP31 and PrRP20 respectively. PrRP3l shows high potent 
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Figure 4 Stimulation of GPRIO by rp-hlpc fractions of crude 
peptide extracts of hypothalamus. Top panel, chromatogram. 
Acetonilrite gradient and absorbance of elulcd materials indicated 
by dotted and so fid fines respective. Bottom panel. Ca* * responses in 
HEK293 cells stably eipressrag GPRIO or an unrelated orphan 
receptor (control). Peak Ca 3 * responses were normalized to the 
maximum response induced by muscarine in the same cells. Nour that 
a number or fractions induced similar responses in both cell lines, 
presumably actios through an endogenous receptor in HEK293 cells. 



at GPRIO (EC, 2 nM-see Figure 3). contrasting the low 
potency of the peptides from invertebrates, and suggesting that 
this peptide is the endogenous mammalian ligand for GPRIO. 
The role of the peptide in rivo h under evaluation. 

GPRIO is tlie most recent example of the identification of 
a novel ligand for an orphan receptor using the reverse 
pharmacology approach. A second example involved the 
discovery of the orexins (orcxin-A and orexin-B). two 
related peptides derived from the same precursor by 
proteolytic processing. Both peptides were purified from 
brain extracts by screening for Ca 5 * mobilization responses 
against an orphan receptor expressed in HEK293 cells 
(Sakurai et al.. 1998). Orexin-B showed significantly lower 
potency than orcxin-A at the orphan receptor, termed OX,, 
which subsequently led 10 the discovery of a second orexin 
receptor (OX 2 ) al which both peptides were equi -potent. The 
orexin peptides are expressed in the hypothalamus and 
appear to be involved in the regulation of feeding (Sakurai 
ei a/., 1998). 

Novel non-peptide ligands have also been identified for 
orphan receptors, examples being anandamide and 2- 
arachidonyl glycerol as putative native ligands for cannabinoid 
receptors (Devanc et d.. 1992; Stel la et al. % 19 97). As more 
orphan GKTOTarc discovered and subjected to reverse 
pharmacology approaches, it seems likely that ihe number of 
novel ligands identified will increase. Moreover, as the biology 
of novel ligand/receptor pairs is evaluated and their 
association with disease states explored, we believe they will 
yield new drug targets that will allow us to treat a range of as 
yet unmet medical needs. As a consequence, orphan GPCRs 
may well provide the pharmaceutical industry with the next 
generation of drug targets (Stadcl et aY.„ 1997). 
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